Mapping of IP cores on a given platform is one of the three aspects of Network-on-Chip design. Mapping priority of IP cores is mostly based on a single communication in previously proposed algorithms. In this paper we present Chain-Mapping (CHMAP), as an algorithm for mapping cores onto a mesh-based Network-on-Chip architecture. The main aim of the algorithm is to produce chains of connected cores in order to introduce a new method to prioritize IP core which helps us to have more efficient mapping. Proposed algorithm and previous researches were compared on two real applications, i.e. Video object plan decoder (VOPD) and MPEG-4 and results were reported.
Introduction
Network-on-Chip (NoC) was proposed to overcome System-on-Chip problems and to provide appropriate communication between cores. NoC provides a more efficient communication, as well as higher regularity and modularity [1, 2, 3] . The outcome of the mapping process as one of the three major aspects of NoC design has a huge effect on needed bandwidth, energy consumption and the average delay. This becomes even more important considering the importance of energy consumption in nanoscale technology [4] . Considering the importance of mapping in NoC, in this paper we introduce a new mapping method for Mesh-based NoC architecture. We selected mesh architecture because the two dimensional and wellorganized structure of Mesh which leads to simple layout and predictable electronic specification has made it the most attractive architecture for mapping [5, 6] .
Related work
Mapping is considered as complicated problem which is better to be solved by innovative, combinational and flexible method. In [5] , NMAP method is suggested. This algorithm maps the cores onto the mesh-based NoC architecture under bandwidth constraints, minimizing the average communication delay. Physical Mapping (PMAP), a two-phase mapping algorithm for placing clusters onto processors is presented in [7] . In [8] , an algorithm that optimally maps cores onto the NoC architecture is presented such that both the energy consumption and network congestion is minimized. Branch and Bound algorithm is introduced in [2] . The purpose of this algorithm is to offer an efficient way to minimize energy consumption. In [9], Binomial Mapping (BMAP) algorithm is suggested to reduce hardware cost of NoC infrastructure.
Problem definition
As stated in the previous section, mapping problem can be solved through innovative methods. To reach a standard framework that is readily gen-eralized for all methods we have employed a mathematical statement. We start by defining communication graph and topology graph of NoC and then mathematical explanation of the mapping represent.
• The communication graph is a directed graph, G(V, E) which each vertex v i ∈ V represents a core and each directed edge e i,j ∈ E represents a communication between v i , v j ∈ V . The weight of the edges w i,j shows the bandwidth requirements of the communications ( Fig. 1.a) .
• Selecting the mesh topology as NoC platform, a mesh architecture graph can be defined as a directed graph, M(C, S, L) in which each vertex s i ∈ S, represents a switch and each directed edge l i,j ∈ L, represents a physical link from s i to s j such that s i , s j ∈ S. Also, c i ∈ C represents a core which is connected to the s i via a network adapter and |C| = |S|. The weight of the link l i,j , denoted by b i,j represents the available bandwidth across link l i,j ( Fig. 1.b ).
The mapping of the communication graph G(V, E) onto the NoC architecture 
Chain-Mapping algorithm (CHMAP)
As mentioned earlier, in order to specify the mapping priorities of the cores, CHMAP considers a series of communications instead of a single one. To understand how the algorithm operates, three important concepts need to be explained.
Chain: a series of cores that are connected to each other according to their connections in G(V, E). Note that, the directions of these communications are not important. Fig. 1 .c shows group of chains that are created based on the communication graph of Fig. 1 .a.
Header: the first and the last members of a chain are called headers of that chain ( Fig. 1.c) .
Chain-bandwidth: as it is shown in Fig. 1 .c, the sum of the required bandwidths of all the communications in a chain is referred to as the chain-bandwidth.
The CHMAP algorithm can be divided into four major phase:
I. Primary-Activity: The details of this phase are illustrated in Fig. 2 .
II. Make-chains: All the rules of this phase aim at making longer chains. Therefore, the number of chains will be reduced and cores will be spread in fewer chains. The rules used in this phase are explained in a pseudocode shown in Fig. 2 .
III. Mixture-chains:
The aim of this phase is to improve the structure of the chains and prepare the cores for mapping onto NoC architecture, but the focus of this phase is to optimize the total bandwidth of the chains rather than their lengths. Three rules of the Mixture-chains function are listed below in the order of execution. There are two general key points in all these rules. The search to find, if a rule has its needed condition to execute or not is started with the first chain in a group of chains which has the largest chain-bandwidth. A rule is left behind if and only if it does not have the conditions to be executed anymore. In other words, we should continue to execute the current rule, if it could still be carried out.
a. If a core is a header in a chain and is also present in the middle of another chain, and its communication cost in the first chain is higher than the second one, then break the second chain and add the rest of the chain to the one in which it was a header. Sort the chains considering their chain-bandwidths. c. If a middle core in a chain is also present in the middle of another one with a higher priority, then find the point with the weakest bandwidth, break the chain in that point and consider the broken part as a new chain. Sort the chains again considering their chainbandwidths.
After these three steps, we should remove the chains which all the cores in them are also members of chains with higher chain-bandwidth. Besides that, if the second half of a chain has higher bandwidth compared with the first half then the member-order of chain will be reversed.
IV. Map-chains:
The basic idea is to start with the chain with the highest bandwidth. In order to have a more optimized mapping, some rules were applied to the mapping process. The rules of this phase are explained in a pseudo-code shown in Fig. 2 . Since the first core is always mapped into the same place, the attempt to find the best place for the rest of the cores in mesh architecture follows the shortest distance rule. In this way, cores will be mapped based on their shortest distance with the core that brings them to this phase in the mapping process. The search for a suitable place for the new cores starts from the right side of the last mapped core and in a clockwise manner.
Some parts of different phases and the ultimate result of mapping VOPD communication graph by CHMAP is presented in Fig. 1 .c and Fig. 1 .b respectively.
Simulation and results
One of the major factors in evaluating the performance of a mapping algorithm is its bandwidth requirements for different applications. The base for calculations and measurements used in simulation phase is the equations elaborated in the following. If H ij is the required hop count to reach v j from v i in a Mesh-based NoC architecture then the total needed bandwidth of the algorithm is calculated from Eq. (2).
Considering the significance of bandwidth parameter, we have used VOPD and MPEG-4 communication graphs to compare CHMAP algorithm with other algorithms including: NMAP, BMAP, PBB, GMAP, and PMAP. The final results are shown in Fig. 3 .a. The table in Fig. 3 .b shows the bandwidth ratio of CHMAP and BMAP in comparison to NMAP. The bandwidth ratio is defined in Eq. (3). This table reveals that in the case of MPEG4, the proposed algorithm bandwidth cost in comparison with NMAP and BMAP is about 8 percent more than former and about 3 percent less than the latter. As shown in the Fig. 3 .a, CHMAP algorithm has the best result in the case of VOPD.
Bandwidth Ratio = Bandwidth cost of (CHMAP or BMAP) Bandwidth cost of NMAP (3)
Conclusion
In this paper, we proposed Chain algorithm CHMAP to map cores onto the Mesh-based Network-on-Chip architecture. Simulation results shown in the previous section denote that CHMAP achieved acceptable results compared to previously proposed algorithms. These results confirm the lower bandwidth requirements. Consequently, the main idea of the algorithm which is to assign mapping priorities to cores according to a chain of connections seems to provide good solutions for the NoC mapping problem. Note that the results can be achieved through the first and only execution of the algorithm on a particular application, and no other optimization phase is used to improve the output.
